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systems by linearized flexible motion C0 ™P . f accurate simulation with greatly 
Advantages and applicability 0 J^«chOTapp n deacribedt restricting attention 
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Some controls requirements of multibody codes 
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Robot manipulators 


Some Controls Requirements 
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SADACS 

Spacecraft Appendage Dynamics and Control Simulation 
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SADACS is designed for controls environment 
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Propagate linear system until 'update 


CPU Time Comparisons for 3-Body Problem 
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“15 minutes With system modal truncation 




Multi-Flexible-Body Run-Times 
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<1984 Nov 1986 1985 1986 Dec 1986 191 

Date of availability within Boeing Company 




SADACS Structure 
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Simplified Diagram of the SADACS Code 


O co 

JJ p Q) X JJ 

<D h 0) p £ 

X > X JJ CL 0) 

flj PH'H MiJ C a) 

•h aj o x a> q x • 

i— l>C0Q)JJOC0OX 

O-I r—* rH S 0) 

ao QJ - JJ 

CO to O (U W 

•H X CO JJ <D X q 

q jj <D p jj «n 
P O O N Vj'O'H X 

co-Hg-HCUCDP'OCO 

jj p | p ore 

^OXCO|*HQJCOO 

co b <i> 3 3 p p 

<d r-t q co cr c co 

O X) MH vH <d CO o 

O^H rH q p »H »H p 

P CO Q) O JJ o 

o *h x a; co jj 

JJPHXJJOJJPO 

jj o q co q a> 

X) 0) B X oo > 

q x * a> co o»«h 

co h a) jj aj »H q mh a> 

co q x cy 

co q 0-1 jj a) q o co 

aj -os -u co o 4 -j 

U co Oh O q CO co 

P P co O‘HTJM -1 £ 

oa>o ouH-t <D <u 


MH > p 

o X? 

q 


C T3 

rH 

JJ 

<D 




O 

T) O ^ 


P 

P 

• 

<1> 

B 

<U CO X 

c 

•H 

cO 

P X 


N O 

O X 


o 

JJ 

B 

*H qx 

*H 

Bu-i 

•H 


0) 

rH O 

4-J 

O n 

JJ 

C 

jj 

CO »H X) 

CO 

o 


CO 

O 

CO 

p y*H 

rH 



r-H 



<D O OC P 

<D 

• 

q x 

CO 

q B*h 

B 

P 


S 

a; 


<U P 

P 

CO 

c 

•H 

B x 

&C X 

o 


o 

CO 

p 

C 

w a; q mh 

CO 

•H 


0 

CO 

r — i cO 


JJ 

JJ 

0) MH 


B mh <u 

• 

q 

•H 

X 

p 

■p. 

a> q 

<D 

ax 

Jj 

a) 

CO 

JJ X *H X 

jj 

c 


a a) 

CO q rH 

O 

q 

o 

o 


•H 

>> co q 

B 

o 

CJ 

JJ 

CO 

a 

co o 





•H 

c 

X? c 

B 

0) 

<y 

JJ 


Q) 

Q) *H 

<D X 

jj 

q 

c 

P 

x oo a) 

JJ H 

co 

o 

o 

cr 

yi-HX 

CO 


XI 


•rH 

<u 

P JJ 

>» 


ax 

JJ 

p 

O 

CO 

• 

q 

<D 

q mh 

j-» a) co 

“ 

a> 


CO rH 


X <D 


CO 


CO 

o 


co y y 

CO 

c 

c 

CO 

CO 

CO 

jj q 


o 

CO 

a p 

a» 

qx aw 

a 



Q) 

a 

ajj e 

a> 

CO 

P 

<u 

00 CO 

q o o 

CO 

a> 

o 

p 

*H X 

H x o 

q 

P MH 

co 

<U 

CO 




Modal 

input ► Eigensolver 



452 


Simplified Diagram of SADACS Code 




The Difficult Technical Problem: 



* 

&> 

S 

a 

7 


0> 

a. 

co 

JS 

Vi 

4> 

Of) 

§ 

■s a 

1 1 
1 8 
S »■ 

E jS 
£ a 

c/j OX) 
►» C 
CO CO 


8 

■o 

o 

s 

s 

4> 


C/2 

•» 

Of) 

•o 

a 


0) 

E 

© 

JB 

Of) 


CO 


4) 

s 


u 

0) 

a> 

•O 

2 


■«“ B 

SB £ 

8 » « 

§ 1 

■5 S 

4 ■ 

CO 

U 

H 


C/5 

4) 


C/2 

s 

# o 

w 

s 


B S3 

« sg 
B. U* S 
co 3 co 

£ U > 

co fe H 



45"J 


•In* *4 100/5 



CD 

-H 

> 

M 

0 ) 

> 

0 

CD 

C 

•H 

1 

CD 

£ 

-H 

H 

tP 

C 

4-> 

m 

T 3 

a 


c a) a) *m 
<D M ^ O 
<1) (C 4-> 

S -M « 

4J CO ^ J-l <D 
a) a> to as -u 
xj 4-> a) a 
«j u -u 

<J) 4J -H jj W 

E « M -H 

-H 4J p ® 

4j a) m o tJ 

4-» G -H J2 
<0 4-4 ^ 

rt T) G IH » 
U CU <U -H ? 

C a 4 H a 

2 

-H -C G • £ 

C 

- 2 > ° 

<° o 5 g *> 

-h ® ° a> 3 

M . . r M rH 

% c o * 5 

73 <U -H to 

TJ ^S> 

0) ~ 5 -H £ 
c o ° o c 

*H rn U 

2 «> G o & 

e*S < * 

C 4-> ^ 

0) <Q c 

• ,J O' <d 

<» a> c ® ,2 

to _C -H © lj 

5 ? £• 

rH O * CO 

r0 r-H ^ -H 

T) f< -H CO 

O o <D 

£ • h W +J 

^ a) m 

T3 CO T3 TJ 

a) <d • o a 

X 4J G £ 0 

•rl (U ^ 

m-i x> o £ <u 

a c <d xx 

P M C P 


45*4 



THIS PAGE INTENTIONALLY LEFT BLANK 


4 SS 



Post-update states 
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feting Time-Line Overview 



Why is updating a problem? 
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The problem is nonlinearity-induced trading of excitation, or 
coupling, between the modes. 



Example problem: chosen to emphasize 'trade' in modal participation 



modal variables 



Example Problem 

This figure shows the system used to examine the update. The system 
has two flexible modes with coordinates q! (soft mode) and q 2 (stiff 
mode) . 
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SADACS vs. Continuous Solution 
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Momentum/Stress Update with Energy Balance 
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SAD ACS program capabilities 
Summary 
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Degrees of freedom at gimbals 0— *6 ( totally locked to totally free ) 



DISCOS-SADACS Comparison: 

Main Body Sensor X Rotation Due To Appendage Command 



DISCOS-SADACS Comparison: 

Main Body Sensor X Rotation Due To Appendage Command 
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022P1-RJ- 137/New 
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TIME 

CONTROLLER COMPARISON - CLOSED LOOP 
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